~X  I/XC!  ratio  is  variea  'In* 

\detonatorx  consist  of «.  base  charge  of  *.  uressiur-  each  of  0  55  c 
^  M  a  mixt.  of  I  with  O-  v?%  KCi,  press*.’  load.ot  1 .00.  on  top  E 

f  tab  0.1  g.  pure  I,  au<i  then  0.55  g.  Hg>«  »CN)i  a*  prim**.  PbK, 

I  n»7  alao  be  used  »»  prime*.  The  .dimensions  Jf  the  detonator 
/  c7*e>  tb*  loading  pressure,  and  other  factors  are  kept  to  close 

/  tolerances  to  ensure  consistent  results.  These  detonators  give 
/  greater  accuracy  than  prevkxuty  known  typae.  Fo»  testing 
/cam.  explosives,  H  b  soffident  to  use  suitable  bugle  grades  of 
datormtors.  A  suggested  suitable  range  b  as  follows:  I/ICCI 
^  ratios  100/0,  80/30,  70/30,  60/40 ,  60/W,  40/60,  30/70,  20/80, 
16/84,  and  13/88.  For  precision  work,  such  ms  research  into 
focton  affecting  detonation  properties,  the  ref  erase*  detonators 
must  be  very  accurately  made.  This  may  involve  weighing  all 
the  charges  cm  a  praebioc  balance  and  the  use  of  a  fecial  press¬ 
ing  Mold  with  accurately  dimensioned  stopping  pieces  to  make 
■nail  aorta,  of  detonator*.  J.  Schofield 

Comparison  of  diffsraut  bloating  caps  regardiag  their  foitbting 
otflkhecT  to  aid  fo  choice  of  a  uniform  teet  fuae.  Ernst  Hoeuse- 
VMlet  (Inst.  Chon.  Tech.  Unterauch.,  Boon,  Ger.).  Explosiv- 
3r#i»  11(11),  226-36(1963 )(Gcr).  Fifteen  blasting  caps  ondfuaes 
fo  [coetg.  Hg(NCO)k  (1)  or  a  I-KCiO»  mist.,  some  no.  8  blasting 
caps  and  fuses,  a  no.  9  his  sting  cap,  and  Nitropenta  or  Hexogen 
test  fuses]  were  tested  for  their  initiating  efficiency  on  a  Pb  plate 
8  mm.  thick,  against  TNT-ta!c  press  cakes  (cootg.  6-60% 
wrt'  %^talc)  placed  on  a  Kast  app.,  and  in  a  Trauzl  Pb  block  in  compari- 
m  sou  with  a  70/30  TNT -talc  mixt.,  NTLCIO*  (II),  and  picric  add 
(HI).  The  values  of  both  tests  against  a  TNT-talc  mix. .  are 
comparable,  but  testing  ou  a  lead  plate  gave  different  values; 
the  effect  of  the  casing  material  (Cu,  Al)  was  observed.  Tests  of 
the  blasting  caps,  eontg.  I  against  the  T NT-talc  mixt.  gave  much 
m  lower  values  than  other  no.  8  blasting  caps,  but  the  Pb  pbte  test 
.  O  gave  comparable  results.  The  efficiency  of  the  Nitropenta  or 
Hexogen  fuses  (they  were  most  effective  of  all  blasting  caps 
tested)  increased  with  the  weight  and  d.  of  the  charge.  The  max. 
values  of  the  Pb-bluck  test  against  Q,  were  found  for  no.  8  blasting 
■mf  caps  with  Al  casings;  high  values  were  also  found  for  all  powerful 
^■1  fuses.  The  testing  against  very-sensitive  m  gave  a  much  lower 
difference  in  values.  The  contribution  of  the  blasting  cap  to  the 
^w  Pb-block  value  of  a  blasting  agent  was  detd;  by  a  Pb-block  test 
of  a  no.  8  blasting  cap  alone  in  an  inert  medium  (NaCl  or  HtO). 
1  A  new  test  fuse  b  proposed;  it  contains  0  J  g.  Pb(N,),  (compact- 

!  ing  pressure  380  kg./cm.*),  Nitropenta  0.2  g.  (pressed),  and 

Nitropenta  C.4  g.  (compacting  pressure  380  kg./cm.*)  in  a  Cu 
raring  and  has  a  O  balance  of  —0.07  g.  Jirina  Seitlova 

Introduction  of  A1T-FO  (ammonium  nitrate-fas!  oil)  explosive  at 
the  Gonxen  iron  or o  mine,  Sargans.  R.  Amberg.  Z.Ersbtr[bau 
MtiaUhueUenw.  19(4),  ieO-72(1366)(Ger).  The  explosive  was 
tested  by  measuring  the  detonation  velocity  and  comparing  with 
conventional  explosives  under  similar  conditions.  The  AN-FO 
explosive,  used  In  cartridge  form,  improved  output  and  reduced 
costs.  H.  Stoertz 

Alf-FO  (ammonium  nitrate-fuel  oil]  in  German  ore  mining. 
Helmut  Eckbardt.  Z.  Enborgbau  MttallhutUtnw.  19(4),  163-6 
(1960)(Ger).  Nitroglycerin-free  explosives  consisting  of  NH«- 
NOi  and  C  compds.  are  described.  Details  of  their  application 
in  mining  are  given,  with  special  attention  to  3  mines  in  West 
Germany  (Maubacher  Bleiberg,  Buelten  Adenstedt,  Wahlver- 
wahrt-Nammen).  The  explosives  ore  not  water  resistant  and 
therefore  cannot  be  used  in  HrO- filled  drill  boles.  The  spacing 
of  bore  holes,  the  cotnpn.  of  fumes,  and  the  purling  capacity  of 

rtfre  explosives  are  discussed  ■  Leading  techniques  are  described. 

Explosivo  safety  container.  Martin  P.  Zimmer  and  Leo  K. 
Asa  oka  (U.S.  Naval  Propellant  Plant,  Indian  Head,  Md.). 
ExpUsvsIoff*  11(11),  237-42(1063  )(Eng).  Medium-d.  poly- 
i  ethylene  cylinders  with  explosive  stored  in  a  central  cylindrical 
cavity  are  suitable,  for  low-order  explosions,  as  safety  containers. 
Other  materials,  Al  alloy,  polyurethan,  nylon,  Lucite,  cross- 
linked  polystyrene,  poIy(vinyl  chloride),  Tenon,  and  polypropyl¬ 
ene  were  unsatisfactory  or  minimally  acceptable.  Polyuretlian 
cylinders,  even  when  reinforced' with  an  external  sleeve  of  Al, 
stainless  steel,  or  3  layers  or  Dacron  fishing  line,  were  not  as 
sturdy  as  polyethylene.  The  low-order  explosion  of  5500  g. 
nitroglycerin  Is  confined,  without  fragmentation,  by  a  poly¬ 
ethylene  cylinder  of  31.2  cm.  diam.,  28  cm.  long  (estd.)  in  a 
i  cavity  5.08  cm.  diam.,  16.5  cm.  deep;  a  15-g.  charge  Is  similarly] 
confined  by  a  cylinder  of  10  cm.  diam.,  12  cm.  long  (estd.)  in  a 
cavity  of  1.35  cm,  diam.  and  7.0  cm.  deep.  Jay  A,  Young_J 

air  and  la  water.  M.  GUtaire  and  J.  Cocu.  Exploit  fs  18(3), 
77-86(1965 )(Fr).  Results  of  a  study  are  presetted  which  show 
the  relation  between  the  frequency  of  detonation  initiation  in  a 
primed  charge  and  the  transmission  distance  from  the  detonating 
fuse  to  the  txploaiv*.  Four  coated,  powd.  expioalve  compds. 
were  investigated,  two  of  which  were  dynamites  designated  GC 
16  and  GDC  1,  resp„  and  3  nitrates,  N  66  snd  N  7A.  The  trans¬ 
mission  distance  in  each  case  was  defined  as  that  distance  which 
produced  a  frequency  of  misfiring  of  approx.  60%.  These  dis- 


cniviur  viu  i«.  *8 


cni.  lor  mu  i*.  jn  «■,  ut/v  a,  „  . 

^rt‘ fi-4r7-1-  !a2-10-8-  «»<i 

66.  N  .A,  ami  GDf  I,  rrsp.  Also  discus*-*.  u*fi 
charge  length  ami  dia-.n.  and  o.  the  angle  maile  by  T 
and  the  horizontal  uvui  of  the  charge  on  the  d.-t.’-* 
Although  the  *ran:mt»4on  distances  from  fuse  to  -S 
the  same  order  of  magnitude  in  both  air  and  wa'a 
plosive,  the  distance  .“or  N  7A  is  much  less  tli»  | 
eompds.  It  is  recoin  mended  that  the  fuse  be  pi  ‘J 

_ with  the  charge  in  actual  practice.  The  result:  X 

testing  are  not  valid  for  a  pressurized  system.  if 
evidence  that,  when  pressure  is  placed  on  the  w;  '* 
b  initiated  and  subsequently  srrested  by  a  cc 
nomenon.  An  analogous  situation  is  cncounti 
when  one  charge,  placed  too  cloae  to  a  second. 

6  second  bv  exploding  before  it. 

Hsndrag  tad  tasting  uastabls  materials.  [• 

J.  A.  Ford  (Thiokol  Chem.  Corp.,  Brigham  City, 
Ent.  Prot.  62(3),  98-104(1966)(Eng).  Safety  in 
handling  of  hydrazinium  diperchlorate  was  teste.  ; 
friction,  electrostatic,  heat  stability,  and  detonab  i 
—  Interstate  Commerce  Commission  dassificatio:  ■! 
using  detonation  shock  tests,  fire  sensitivity,  ini]  5 
ity  tests.  Long-term  storage,  water  deluge,  a  , 
tests  were  also  made.  The  tests  described  in  | 
most  materials  with  high  energy  contents.  G.  1 
,  Explosion  hazards  of  ammonium  nitrate  undr  i 

R.  W.  Van  Dolah,  C.  M.  Mason.  F.  J.  H.  IVr.| 
and  D,  R.  Forshey  (U.S.  Bur.  of  Mines,  P  < 
U.S.,  Bur.  Minos,  Rtpt.  Invost.  No.  6773,  TV  ; 
The  conditions  under  which  NH«NOj  (I)  may  ex 
jected  to  intense  fire  exposure  have  never  been  d  . 

- —  trinsk:  sensitivity  of  I  and  I  systems  was  stud ; 
techniques.  -  Fertilizer-grade  I  was  detonated, 
temps,  very  large  charges  and  strong  explosive  < 
used  to  achieve  detonation.  The  crit.  diam.  of ; 
at  elevated  temps.,  implying  an  increase  in  se 
coated  with  3%  clay  wete  less  sensitive  thun  i 
“  parting  agent.  HtO  in  small  amts,  increased  t  lie 
of  I-fuei  oil  mixts.  (^11).  In  simulated  frte-flj 
transitions  to  detonation  in  I  systems  were  unit  ; 
up  to  10,000  psig.  An  inverted  vented  vesse  • 
used  to  overcome  the  exptl.  limitations  of  the  J 
_and  to  develop  more  rigorous  burning  eonditk  j 
to  detonation  were  obtained  with  I  intimately  j 
oil,  polyethylene,  or  paper.  Hot  I  was  det> 
velocity  bullet  impact,  and  II  were  sensitive  to  i  * 
ments  from  another  II  charge  several  4iams.  a« 

s  Stabilizing  acetylene  with  cydopentadiene. 

S.  M.  Kogarko,  I.  I.  Strirhevskii,  A.  F.  Plate, 
nbhnikova.  Neft'kkimiya  6(1),  101 — l(UHVi)'  i 
62,  7678e.  CtHt  mi'tts.  proposed  for  utiluatioi  ■ 
of  bicyclo[2.2.1)hepta-2,5-diene  (I)  by  emuk- 
with  cydopentadiene  (II)  were  examd.  (or  their* 
considering  the  optimum  conditions  for  the  syu  - 
340°  and  6-13  atm.  with  the  reaction  temp.  <1<  < 
leasing  pressure  anJ  the  yields  of  I  being  prac: 
ent  of  the  changes  in  the  CtHi:  II  ratio  froih  2:1 
placement  of  N  by  other  diluents.  The  expts. ; 

<  in  i  spherical  120-mm.  reactor  by  burning  a  '] 

*  center  by  a  condenser  discharge.  The  amt*,  o'* 
or  isopentane  (HI)  in  the  mixts.  were  40-5.  20  J 
reap.  Data  for  the  explosive  limits  in  mixts.  ^ 

IQ,  C«Hi«,  or  Q  are  tabulated  for  300*  and  i 
and  4.2-10.3  atm.,  300*  and  3.8-15.2  atm.,  a  ' 
2.0-7.6  atm.,  resp.  The  stabilizing  action  of 
creased  in  the  scries  N,  II,  C«Hm,  and  HI.  1 
structures,  II  had  a  lower  stabilizing  effect  th 
double  bond.  Since  U  is  used  in  the  synthesis.  •  , 

Ition  mixt.  with  N  is  said  to  be  useless.  The  exp 
binary  CsHi  1:1  mixt.  at  300*  was  6.7  atm. 

CiHt  must  be  decreased  at  higher  pressure*  i  : 
rate  of  pressure  increase  aud  the  max.  prrs.sui ; 
both  decreased  on  dilg.  CtHj  with  the  stabilir*  * 
Flnorin*  flnorosalfats  (SOiF,)  may  be  sxplo  , 
Cady  (Unlv.  of  Washington,  Seattle).  Chm>. 
40(1906)(Eng).  In  the  prejn.  of  peroxydiMi' 
sulfuryl  fluoride  (SO»Ft),  anerperhaps  other  run 
These  by-products  were  distd.  into  a  cold.  cl> 
strong  enough  to  store  gas  at  135  atm.  (The 
SOiFt  is  ovlO  atra.).  On  wanning  to  room  te  ; 
exploded,  suggest bg  that  a  chem.  explosion  i  < 
h,  than  a  simple  expansion.  S0«Ft  decomp,  >2t<  4 
explosion  is  known,  4 

Liquid  hydrogen  task  insulation  toe  th*  S-lt 
Hammond,  Jr.  (N.  American  Aviation,  Inc.. 

Ckom,  Ent ,  Prop.,  Symp.  Sor .  62(81),  21 
The  Insulation  for  the  3-11  booster  is  construe  ; 
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1.  Abstract 

Polyethylene  containers  that  safely  hold  compa¬ 
ratively  large  loads  of  explosive  materials  have  been 
developed  and  investigated.  At  first  developmental 
studies  were  made  with  polyurethane  containers. 
The  effects  i*f  material  properties,  shape  and  size  of 
both  inner  tubes  and  containers,  and  the  shock  at¬ 
tenuation  of  the  container  material  were  investiga¬ 
ted.  Various  materials  were  evaluated  as  possible 
candidates  for  fabricating  the  containers,  and  poly¬ 
ethylene  was  found  to  be  most  suitable.  Two  diffe¬ 
rent  sizes  of  containers  were  developed.  AJO-cm- 
diameler  container  can  easily  withstand  the  expIcF 
sion  of  15-g  of  nitroglycerin,  and  a  32-crn-diameler 
container,  500-g.  The  smaller  container  weighs  0.775 
kilogram  and  is  easily  handled  in  one  hand;  the 
larger  container  weighs  less  than  22  kilograms  and 
is  easily  portable  with  carrying  handles  or  in  a  cart. 

2.  Introduction 

The  Dupont  de  Nemours  Company  has  developed 
polyurethane  “tote  barricades"  to  protect  personnel 
hand-carrying  sensitive  material  from  the  effects  of 
an  accidental  explosion.  These  barricades  withstood 
the  explosion  of  2-g  nitroglycerin  only.  Inspired  by 
Dupont,  this  study  was  initiated  at  NPP  to  deyelop 
an  explosive  safety  container  able  to  withstand  the 
explosion  of  higher  loads  of  nitroglycerin  than  2-g 
and  to  investigate  the  behavior  of  the  container 
during  an  explosion.  To  be  explosion-safe,  the  sample 
carrier  was  reqmred  to  withstand  a  minimum  load 
of  5-g  explosive  material  As  an  additional  safety 
factor,  the  sample  carrier  (Figure  1)  was  to  be  fabri- 


Figure  1 

ti..<ric  Safety  Container  of  8.1  cm  Diameter  with  Inserted 
Polyethylene  Vial  of  1.23  cm  Diameter. 


Figure  2 

Trace  of  a  shock  wave  transmitted  trough  a  polyurethane  safety 
container  by  the  explosion  of  5— g  nitroglycerin  and  an  electric 
squib  S — 67  (DuPont)  as  a  detonator.  Writing  speed:  0.63H^sec. 
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Knclosure  (1) 


Figure  3 


Figure  3a  Figure  3b 

Explosion  of  2 — g  nitroglycerin  in  a  polyurethane  safety  con-  Explosion  of  5-g  nitroglycerin  in  a  polyurethane  safety 

talner.  Framing  rate:  240  000  !“PS.  Interframe  Time:  4.2  i<sec.  taincr.  Framing  rate:  62,500  PPS.  Inter/rame  time-  16,.- 
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died  from  a  material  which  would  fuxm  harmless 
1.  figments  upun  uieak-up  from  a  maximum  load 
detonation.  In  •.•the:  words.  the  material  had  to  be 
one  which  would  not  form  fragments  or  one  which 
would  form  fragments  which  would  l*  harmlesi  to 
personnel. 

.  Initially,  an  exploratory  study  with  polyurethane 
containers  (NPP  formulation)  was  made,  as  poly  ur¬ 
ethane  meets  most  of  ‘he  prerequisite j.  for  a  good 
safe.;,  container  and  is  transparent  so  that  the 
effev  •  of  explosion  can  be  observed  throughout  the 
sir ucture-Va.ious  other  materials  were  investigated 
for  possible  use  for  containers. 

Safety  aspects  of  the  containers  with  regard  tu  the 
pressure  on  the  user's  hand  during  an  explosion  of  a 

•detonatotn-sensitive  material  will  be  reported  later. 

3.  Experimental  Methods 

During  this  investigation  a  high  speed  framing 
camera  and  a  high  speed  streak  camera  were  used. 
The  framing  camera  takes  25  pictures  of  events  at 
rates  up  to  1.2  xlG*  frames/second  and  the  streak 
camera  records  detonation  velocities  with  a  writing 
speed  up  to  4.469  mmusec.  A  typical  trace  is  shown 
in  Figure  2.  In  order  to  trace  the  passage  of  a  shock 
wave  in  an  inert  transparent  material  like  polyur¬ 
ethane.  an  exploding  wire  in  a  capillary  tube  is  used 
as.back  light  (1.  2.  3J. 

The  containers.  81  cm  in  diameter  and  8.5  cm 
high,  are  filled  w  ah  various  loads  of  nitroglycerin 
During  this  i?  -.  estimation,  nitroglycerin  was  em¬ 
ployed  as  the  standard  explosive  to  determine  maxi¬ 
mum  safe  load  for  alie  sample  carriers  studied. 
Since  it  was  assumed  that  any  accidental  detonation 
would  be  initiated  by  a  relatively  small  quantity  of 
energy  in  him  «.f  shock,  electrostatic  energy,  local 
heating  effect*  vie .  an  S-67  Dupont  squib  or  a  70  mg 
cyanuric  tnn/.ri>-  initiator  jolted  with  12.5  joules  of 
current  was  um-u  lo  explode  the  nitroglycerin.  The 
Resulting  explosion  phenomena  of  the  nitroglycerin 
and  the  eilecls  on  the  container  are  recorded  with 
the  cameras. 

4.  Results 

4.1  Exploratory  Investigation 

Polyurethane  explosive  containers  were  fabrica¬ 
ted  with.  40°  o  Toluene  Diisocyanate  (80  20-2,4/2,6) 
and  60°  o  castor  oil.  The  polyurethnnemixture  was 
poured  into  an  appropriate  mould  and  then  a  vial 
either  of  glass  or  plastic  was  immersed  in  the  po¬ 
lyurethane  which  was  cured  for  several  hours  at 
80  C.  Figure  1  shows  an  example  of  a  safety  con¬ 
tainer.  The  sample  carriers  were  filled  with  1 — 5-g 
nitroglycerin,  and  each  one  was  set  off  while  high 
speed  framing  sequence  photographs  of  each  shot 
were  made.  These  photographs  and  the  containers 
were  then  examined  and  the  following  observations 
were  made.  As  expected,  the  "  detonation"  of  nitro¬ 
glycerin  was  of  low  order  The  low-order  reaction 
will  henceforth  be  termed  an  "explosion  ‘  rather  than 
•  detonation  '.  During  the  explosion  there  were  two 
destructive  forces  acting  on  the  container.  They 
were:  The  shock  wave  and  the  outward  pressure 


exerted  by  the  hot  gasses  fiom  the  nitroglycerin 
explosion  The  container  began  to  bulge  within  a 
few  micnuetonds  after  thi  initiation  of  the  explo¬ 
sion  of  tht  mtioglwvnn.  a. id  fracture  lines  started 
to  form  soon  thereafter.  Ir.  Figure  3a  and  3b  are 
selected  framing  sequences  !«r  a  2-g  and  a  5-g  load 
of  nitroglycerin 

Tht  cna.-u.lci jV.»c  behavior  of  a  polymer  with 
increasing  strain  rates  is  analogous  to  its  behavior 
with  d*-ci<  asir.g  temperature  conditions.  The  po¬ 
lyurethane  i>  exposed  to  strain  rates  of  25x10* 
m  min  therefore  the  percent  elongation  of  poly 
urethane  must  be  very  small  and  the  tensile 
strength  relatively  high. 


Table  I 

Tensile  Strength  at  20  indies/minute  Crosshead  Rate 

Polyethylene 


25  C 
0  C 
—25  C 
—50  C 


Polyurethane 

Twfl> 

Strength 

PSI*> 

Elon¬ 

gation 

•'.=> 

203 

126 

800 

280 

3522 

236 

7133 

12.3 

11  TrauK-  Strength  Is  based  on  original  specimen  area. 

2j  EiungaUon  a  calculated  using  an  effecting  length  o 1 1.7  In. 
with  A  STM  D  412-51T  DIE  C. 


Table  I  gives  the  tensile  strengths  and  percen 
elongation  for  polyurethane  and  polyethylene  for 
2C  in.  nun  crosshead  rate  at  various  temperatures. 

The  container  elongates  along  the  circumference 
as  the  hot  detonation  gases  expand.  The  inner  cir 
cumfcirence  or  wall  of  the  container  elongates  at  a 
much  higher  rate  for  a  given  ladial  expansion  of  the 
inner  hole  than  for  the  zone  farther  from  the  center 
periphery.  Therefore,  the  polyurethane  starts  to 
fracture  from  the  inner  wall  when  maximum  elon 
gatmn  of  the  material  is  reached.  In  Figure  4  are 
sample  containers  after  nitroglycerin  has  been  ex 
ploded  in  them.  The  maximum  nitroglycerin  load 
iimi*  for  this  polyurethane  container  is  3.5-g. 


Polyurethane  wefety  container  after  testing  with  varying  loads 
of  nitroglycerin 

1  1  — g  nttroglycoric  Approximately  50  mg  cyanuric  trla 

1:  l.s — g  nitroglycerin  ride  and  an  exploding  wire  (5000  V, 

l.  2  — g  nitroglycerin  3*F)  were  used  as  detonators. 

4:  4  — g  nitroglycerin 

5:  5  — g  nitroglycerin 
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4.2  S»ren*  hemng  the  Polyurethane 
•onta  ner 

Aft-  r  this  preliminary  study,  the  basic  container 
was  —.odifitil  In  several  ways  and  tested  with  5-g 
nitr  glycerin.  The  total  strength  of  the  container 
can  >e  increased  by  wrapping  it  with  a  strong  cord 
or  ire,  or  by  encasing  it  with  a  strong  metal  tube. 
Th#  dacron-wrapped  container  withstood  a  maxi¬ 
mum  load  of  8-g  of  nitroglycerin.  In  Figure  5  are 
pictures  of  these  containers  and  also  one  of  an  alu- 
miniumer. cased  polyurethane  container  after  ex¬ 
plosive  testing.  The  reinforcements  were  removed  in 
•rder  to  take  pictures  of  the  containers. 


Figure  5 

Poiyurclhane  container  with  various  reinforcements 
f  3  layers  of  dacron  fishing  cord  130  Pound  test,  after  the  ex¬ 
plosion  of  5— ft  nitroglycerin. 

2  Aluminium  outer  walls  (1.25  cm  thickness),  after  the  ex¬ 
plosion  of  5— g  nitroglycerin. 

3:  Aluminium  (7075— T—«)  container  after  the  explosion  of 
lo— g  nitroglycerin. 


outer  wall 


a 

>  "  • 

< 

*"  Poly  urethane  container  without  strengthening  material 

,  Polyurethane  container  strengthened  with  3  layers  of 
120  I’d-tcst  dacron  line 

Polyurethane  container  in  AI-7075  T-6  casing 

□  Pol.  iirctha.ii  container  strengthened  with  one  layer 
ntchroinwire  101  Pd-test 

Fig.  6 

Frac tines  of  Explosive  Safety  Containei  caused 
by  Exploding  Nltroglyi  crin 
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Figure  6  shows  a  plot  of  radial  fracture  line  length 
versus  nitroglycerin  load.  The  basic  unstreng’hened 
container  can  safely  withstand  the  explosion  of  only 
3-g  nitroglycerin  m  view  of  the  fact  that  the  frac¬ 
ture  lines  reach  the  outer  wall  of  a  4-g  nitroglycerin- 
tested  container.  Figure  6  also  shows  the  increased 
load  capacity  for  strenghened  containers. 

Various  containers  were  fabricat'd  with  alumi¬ 
num  and  stainless  steel  outer  walls  an 4  tested  with 
5-  and  10-g  loads  of  nitroglycerin.  Aluminum  (707=1 
T-6)  container  with  walls  of  1.25  cm  thickness  was 
able  to  withstand  the  explosion  of  9.5-g  of  nitro¬ 
glycerin  with  no  change  in  dimensions.  Stainless 
steel  containers  with  walls  1.8  mm  thick  were  able 
to  withstand  the  explosion  of  5-g  loads,  but  the  steel 
casings  were  deformed  to  some  extent. 

To  increase  the  tensile  strength  of  the  material, 
various  amonts  of  glass  wool,  fiber  glass  fabric,  and 
nylon  fabric  were  added  in  a  spiral  pattern  around 
the  central  tube.  The  tests  showed  that  the  increases 
in  strength  were  not  great  enough  to  warrant 
further  investigation  along  this  line. 

To  interrupt  the  propagation  of  the  shock  wave* 
and  the  fracture  lines  through  the  polyurethane 
material,  the  following  containers  were  fabricated 
Strips  of  polyurethane  8  cm  wide  and  0.15  cm  thick 
were  wound  around  a  1.25  cm  vial  until  an  8  cm 
diameter  was  formed.  Glass  and  polyethylene  bea¬ 
kers  and  tabes  were  positioned  concentrically  around 
the  central  tube. 

In  all  probability  the  poor  Dond  between  the  poly¬ 
urethane  layers  in  the  first  case  ana  between  the 
polyethylene  and  polyurethane  or  glass  and  poly¬ 
urethane  in  the  second  case  weakened  the  structure 
of  the  containers,  as  they  did  not  withstand  the  ex¬ 
plosion  of  5-g  of  nitroglycerin.  However,  there  were 
indications  that  the  polyethylene  interfaces  preven¬ 
ted  propagation  of  fractures,  more  than  glass  did. 

Air  bubbles  are  good  shock  attenuators.  (For 
example,  in  underwater  explosions  the  measuring 
equipment  is  protected  by  surrounding  it  with  a 
veil  of  air  bubbles.  [4]  A  large  part  of  the  shock 
energy  is  absorbed  by  the  air  bubbles.)  Therefore 
foamed  polyurethane  was  used  to  fabricate  contai¬ 
ners.  The  structure  was  weakened  to  such  an  extent 
by  these  modifications  to  the  containers  that  no  in¬ 
crease  in  the  load  capacity  was  observed. 

4.3  Effect  of  Tube  Material,  Size,  and 
Shape  on  Over-all  Container 
Strength 

Besides  glass  tubes,  polyethylene  of  medium  den¬ 
sity  and  polypropylene  of  high  density  were  used 
as  vials  for  the  containers.  There  was  considerabh 
less  fracture  formation  in  the  polyethylene  tube 
container  when  fired  with  nitroglycerin  than  in 
either  the  polypropylene  or  the  glass. 

The  effect  of  the  explosion  velocity  on  the  inve¬ 
stigated  safety  container  can  be  compared  to  the 
influence  oi  the  detonation  velocity  on  the  Trauzl- 
Block.  Since  high  pressures  in  the  detonation  front 
correspond  to  high  detonation  velocities,  the  deto¬ 
nation  velocity  must  be  taken  into  account.  Them 
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■  -'ll a  u>  pressure  ai«-  caused  bv  ir.c  p:  <  ••»  A  the- 
;«dd  --n  in  the  d«  !.  n  tt:-in  zone.  At  nqh  d*  tortation 
i If.citu.-s  must  •  >!  the  ch<  mica-  rt-ai-s.-*r.  -<  cur-  with- 
m  The  detonati-n  zone  Thu  ;m.  -  «••  -  ,er>  high 
pressuies  of  n  re  short  duration  A"  •-  detonation 

\elocii>  only  a  part  «f  the  Oh-Kiiia  action  takes 

‘place  v  ithin  the  detonation  zone,  jn.d  v  -  re  als*>  is  a 
«Ju  rmai  r*  action  behind  the  detonation  tront  caus¬ 
ing  a  i  ov.  r  pressure  which  acts  over  a  longer  period 
'*•{  tirn>- 


Nitr-  c,vei  r  n.  as  witn  many  .»thi-  <  xplusives.  has 
i  low  ..r;d  a  high  order  detonation  velocity  Charge 
iiarr.e*.  >  ar.  1  h-iieth.  ch>-*nif  n  iract eristic  -  phy¬ 
sical  si  Pi  m3  roRditt-m  of  •  ■  '.pl-oivt  ind  the 

..ir.out.’  • !  detonator  detenu  *  detonation  v«  (••- 
citin.  •  t  -n«  r.-troglycenn.  S-  stigaii.  >  {>  6| 

h.avi  stud  •  -?  the  pararrsev  -  .1  -i.*  d.  t--iia"‘on  of 

nitrogl  and  h.e  •  estaioished  the  high  order 

n.  ,.-t  |  ,,nd  jh<-  i.  »■  -irder  (2200  m  m-ci  de to¬ 
ns!  i.r.  eloc.de>  H'-.v iVfl  'fir. . ig.  he  dt!e 

lfteraiUle  [7 1  available  ol.  .  \pi-..-.<  i-(.h-  tn  -  (or 

small  rt.  tor.ator>  and  smaC  dianu-UT  charge. 

Tht  react’ <*r  p.‘oce»  for  explosions  with  small 
detnna!*  r>  >.  •  :*v~  t  •  an  unsteady  one.  The  initial 
explosion  v. ....  -n  ■-  n*.t  sustained  continuously  The 
H'.troglyc.  i .■>  ieaet  ir  cp  is  iluun  the  •■•ngth  of 
tne  tu!«  a<  the  •  k  (•'■lit  passes  Since  the  deto- 
iialioo  ■•  ,u  *.  r.i.-nt  upon  the  inner  dia- 

rnetei  >  ■  *  ■  ■  •■i:r,:ng  the  charge,  it  was  con¬ 
sider*  d  .  *:  ‘  ■  f.e  ta>e  of  th  small  (8  or  10  cm 

chain  1. 1 1 '.  *■  t  Miner  to  keep  *h»  tube  diamt  ter 
below  tn.  •  .  diameter”  for  -'iitroglycenn  ini¬ 
tiated  by  --iv’  onal.irs  This  ‘'critical  diameter' 
was  rr.ia'i  ■«•(  .'  12.5  mm.  At  this  diameter,  the 
“explosii  t  c  ■  )•  i-v  ‘  1 185  msec  and  lower  for 
-  mallet  d.  ana’-  •  rises  sharply  and  passes  into  a 
stc-adv  s'..’,  fi  •  ..tiat mn  of  high  order  with  increas¬ 
ing  diam-  •  (•  investigate  this  phenomenon  mea¬ 

surement-  ..n  !'*•  transition  of  deflagration  to  deto- 
natior.  >d  ».,t  j .  ;  'u-erin  have  been  initiated. 

On  the  oil.-,  i  (.and.  the  iatio  of  the-  diameter  of  the 
‘ube  to  tin  >ng.h  of  the  chaige  ihould  be  kept  as 
..igh  pos.cbK  -m»  that  a  steady-plane  detonation 
ave  cannot  build  up  as  easily  as  it  would  if  the 
ihaigi  Ungth  were  high  in  comparison  to  its  dia- 
met“i  The  possibility  was  considered  that  changing 
tne  shape  of  the  vial  might  enable  the  container  to 
.>  ithstand  the  explosion  of  hiphei  loads  of  nitio- 
vKcenn.  either  by  inclosing  the  bl.  st  or.  by  its 
-Lape.  directing  most  of  the  blast  effect  upwards, 
for  a  n-g  load  of  nitroglycerin,  no  observable  ad- 
aiitage  m  any  specific  shape  was  found  Since  the 
. '  l'ndr.cal  tube  was  the  easiest  to  fabricate  all 
t Hither  containers  had  tubes  of  this  shape 

la  F.ftectofCont  a  mer  Material  a  ndSiz-' 
on  Niti  "glycerin  l.oad  Capacity 

Table  II  lists  the  various  container  materials  which 
mi  ii  tmd  Containers  10  cm  in  dianietei  wen  fa¬ 
ll  .cited  with  12  5  mm  I.  D.  holes  and  ue»e  lired 
x  ith  a-g  of  nitroglycerin.  The  aluminum  and  the 
n  i diuin-den.it v  polyethylene  weie  the  >niv  con- 
taineis  th..t  w  nnstood  the  explosions  The  iluminum 
•  ontamer  also  w  thstood  the  explosion  lit-g  ...  nitro- 


Tablc  II 

Materials  asd  Dimensions  of  Tested  Containers 

I>i»mcleT  Dram.  t:  •  L.  n&l%  Load 
V  ••n-.l  .(  Cor.!,  nor  ofl»  H  f  NO 


.'.  1\  ,1.  !!ia-e 

is  5  <m 

1  _  • 

S  t 

*  ' 

J  c 

»  !>  ..r.  frr.  ■;.- 
■t  iw.  .>tifr.id 

•lii  l>  .T-a  l  ine 

(.!  cm 

1  25  cm 

45  cr- 

*  1 

T  •'yuretham-  with 
.<<-cl  ir.-asing 

8 1  an 

1.25  an 

50  cm 

i  *  1 

-  g 

l1.  lyur.  thane  with 
Aluminum  incasing  7  j  cm 

1  25  cm 

5  cm 

t 

i0« 

I'..lv>  Ihylene 

10  cm 

lJm 

6.5  cm 

<  * 

5g 

M-.il.um  Den-ily 

!Ccm 

1 25  era 

70cm 

«-  1 

10  g 

10  cm 

125  cm 

7  0  cm 

15* 

TtlTi-  r-6  Alun.ir.je 

.  8.7  cm 

1.25  cm 

slum 

f  > 

hr 

16  I  cm 

125  cm 

'» n  .rr 

s  -■ 

"S 

Lwile 

10  I  cm 

125  cm 

•  -* 

5k 

ne 

fCrosjlmkedi 

10  1  cm 

1  25 .  ti 

T  0  rrr. 

i — * 

Sfc 

Polvv  .r.vl  Chiorilv 

id  I  cm 

1  25  cni 

j0  vm 

l  - 1 

Teflon 

101  cm 

1  25  cm 

6  cm 

log 

roiyprvpvlenc 

10  1  cm 

125  cm 

VO  cm 

5* 

Poly.-thvlene 

31  2  cm 

2  3  cm 

17  cm 

1  'llOOg 

31-2  cm 

3.06  cm 

221  cm 

l  *  1 250  g 

312  cm 

5.08  cm 

16-5  cm 

i  l  5.»  g 

i  ;  Did  withstand  th-e  explosion  o  fthc  ir.dii.aiei?  amount  of 
Tfiruxiyccnn 
(•**  Did  no?  withstand 


glycerin  with  very  little  change  in  cither  the  inner 
or  outer  diameter  (see  Figure  5). 

The  poly  ethyl  >ne  container  withstood  the  explo¬ 
sion  of  10-g  of  nitroglycerin  with  very  little  outside 
deformation.  However,  there  was  some  change  in 
both  inner  and  outer  diameter  with  a  15-g  load  of 
nitroglycerin  (see  Figjre  7).  The  container  sustain- 


Mgurc7 

Pole  ethylene  c.»  ta  rer  tested  with  varying  loads  of  nitroglycerin 
I  >  -g  nitroglycerin  4  squib  A57 
i  lo  -g  nitroglycerin  -  squib  AS7 
3-  IS -g  nitroglycerin  4  squib  A67 
Hu-  ctcKs  on  omuini-rs  1  and  2  show  the  original  sizes  of  the 
■on  inf  .re  testing  foi  .-entalner  3.  the  original  size  Is  drawn 
■  n  -h<  pape-  t>esidc  the  tested  container.  To  see  better  the 
nidging  of  the  hole,  this  container  was  bisected. 
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ed  the  detonation  very  well,  and  no  fracture  lines 
could  be  seen.  It  is  evident  that  the  expansion  of  the 
container  hole  during  the  explosion  increases  down¬ 
wards.  This  is  because  the  pressure  acts  for  a  longer 
period  of  time  on  the  end  of  the  charge  then  on  the 
top  of  the  container,  where  the  explosion  gases  can 
escape  faster.  A.  Haid  and  H.  Koenen  {9]  found  that 
there  was  considerably  less  expansion  of  the  con¬ 
tainer  hole  in  using  high  density  explosive  in  the 
Trauzl-BIock  than  low  density  explosive.  In  testing 
the  containers,  therefore,  it  should  be  taken  into 
consideration  that  the  bulging  of  the  container  would 
be  influenced  by  the  density  of  the  explosive  as  well 
as  the  amount. 

Polyethylene  containers  32  cm  in  diameter  were 
tested  at  100  and  250-g  of  nitroglycerin  with  very 
little  outside  deformation  (some  inner  deformation). 
At  5G0-g  nitroglycerin  load,  the  container  deformed 
to  some  extent  (see  Figure  8).  The  container  su¬ 
stained  the  deformation  well. 


Figure  S 

Polyethylene  safety  containers  atter  the  explosion  of  100— g. 

250 — g,  and  500— g  of  nitroglycerin. 

The  circles  on  top  of  each  container  indicate  the  original  sizes 
of  the  holes  (compare  also  Table  II). 


*  ^ 


Figure  9 

Polyethylene  safety  container.  10  cm  In  diameter,  after  detona¬ 
tion  (high  order)  of  10— g  nitroglycerin  4  J— 2  detonator  (I— g 
pentolltc  —  left)  and  5— g  nitroglycerin  +  J— 2  detonator  (right). 

Polyethylene  is  a  good  material  for  explosive 
safety  containers.  It  has  the  mechanical  properties 
which  suit  the  containment  of  an  explosion.  It  has  a 
high  percent  of  elongation  (up  to  600°  o)  before 
breaking  and  a  relatively  high  tensile  strength.  It 
has  very  good  cold  flow  properties  and  deforms 
rather  than  fracture  even  at  high  strain  rates. 
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Polyethylene  has  an  arrangement  of  threadlike 
molecular  carbon  chains  which  is  intermediate  be¬ 
tween  those  of  the  two  conventional  types;  one  the 
completely  ordered  or  crystalline  arrangement,  and 
the  other  a  purely  random  or  amorphous  one.  With 
these  two  arrangements,  the  polymer  is  both  toug* 
(due  to  its  crystalline  qualities)  and  deformable  (du. 
to  its  amorphous  arrangement).  Ordinary  polveth' 
lene  has  a  high  degree  of  crystallinity  (around 
60 — 70*/*)  as  it  has  been  estimated  from  x-ra 
studies  |8j. 

During  most  of  this  study,  the  nitroglycerin 
initiated  to  a  “low  order  explosion"  by  a  DuPoni 
S-67  squib,  jolted  to  detonation  by  passing  12.5  jou¬ 
les  of  electricity  through  it  These  explosions  wouH 
thus  correspond  to  accidental  explosions,  as  men¬ 
tioned  above,  since  any  accidental  explosion  would 
be  activated  by  a  relatively  small  quantity  of  energy 

It  is  of  interest,  however,  to  determine  how  the 
containerwithstooda  high  order  detonation.  Figured 
shows  the  10  cm  diameter  polyethylene  explosive 
sample  container  after  detonating  5  and  10-g  of 
nitroglycerin  to  high  order  by  a  Hercules  J-2  blast¬ 
ing  cap  (12.5  joules).  The  J-2  blasting  cap  has  a  1-g 
pentolite  load.  The  container  withstood,  essentially 
the  detonation  of  a  6-g  load  (5-g  NG  1-g  expio 
sive  in  blasting  cap),  with  some  deformation.  Th- 
10-g  nitroglycerin  loaded  container  ( *■  J-2  blasting 
cap)  ruptured  along  the  weaker  side. 

5.  Conclusions  and  Future  Work: 

It  was  found  that  medium  density  polyethylene  is 
an  ideal  material  to  use  to  fabricate  explosive  safety 
containers.  A  container  10  cm  in  diameter  can  easily 
withstand  the  explosion  of  15-g  nitroglycerin  and 
a  32  cm  diameter  container,  500-g  of  nitroglycerin, 
if  small  detonators  are  used*).  The  hanacarried 
10  cm  diameter  container  deforms  slightly  with  the 
explosion  of  15-g  of  nitroglycerin.  The  “critical” 
diameter  foi  low  order  nitroglycerin  explosfons 
initiated  by  S-67  DuPont  squibs  was  found  to  be 
12.5  mm. 

Some  pressure  measurements  on  the  containei 
walls  during  the  explosion  will  be  made  in  order  t" 
obtain  some  information  on  the  pressure  shock 
acting  on  the  user’s  hand. 

To  protect  personnel  synthesizing  hazardous  ma¬ 
terial  the  equipment  needed  for  synthesis  will  bi 
coated  with  polyethylene. 
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